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Abstract When I was a medical student 42 years ago my neurological textbooks were replete with diagrams of the motor, sensory, visual, and speech areas of the cerebral cortex. It occurred to me then that perhaps the viscera might also have cortical representation and therefore why not try to find out if this were so? Sad to say I was dissuaded from investigative attempts on the grounds that time in medical school should be spent only on learning. (In this respect, I would urge that any of you with promising investigative ideas should put them to the test and not be persuaded to forget them. For sad experience has shown that if you don’t do the job, someone else will!).  Since my early days, much has been learned about the visceral representation in the cortex of the brain, to part of which I eventually contributed. It is now known, for example, that the vagus nerve nucleus has a representation in the subfrontal cortex, bladder and bowels in the juxtamotor cortex, cardiac and respiratory control in the cingulate and medial temporal cortex, and sex organs also in the latter. Pupillary changes may be elicited by stimulating the anterior cingulate gyri, intussception by stimulating posterior cingulate gyri, while blood pressure alterations may be induced on stimulation of numerous parts of the cerebral cortex. All this adds up to the now well-known fact that in addition to a motor and sensory cortex, there is also what might be termed a “ visceral brain” in man and beast(9).              Copyright Royal Medical Society. All rights reserved. The copyright is retained by the author and the Royal Medical Society, except where explicitly otherwise stated. Scans have been produced by the Digital Imaging Unit at Edinburgh University Library. Res Medica is supported by the University of Edinburgh’s Journal Hosting Service: http://journals.ed.ac.uk   ISSN: 2051-7580 (Online)   ISSN: 0482-3206 (Print)     
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NEUROSURGERY - CONTEMPLATION 
OF THE FUTURE
J- Lawrence Pool. M.D.
W hen I was a medical student 42 years ago 
my neurological textbooks were replete with 
diagrams of the motor, sensory, visual, and 
speech areas of the cerebral cortex. It  occur­
red to me then that perhaps the viscera m ight 
also have cortical representation and therefore 
why not try to find out if this were so? Sad 
to say I was dissuaded from investigative 
attem pts on the grounds that time in medical 
school should be spent only on learning. (In 
this respect, I would urge that any of you with 
prom ising investigative ideas should put them 
to the test and not be persuaded to forget 
them. For sad experience has shown that if 
yon don’t do the job, someone else w ill!) Since 
my early days, much has been learned about 
the visceral representation in the cortex of the 
brain, to part of which I eventually contributed. 
It is now known, for example, that the vagus 
nerve nucleus has a representation in the sub- 
frontal cortex, bladder and bowels in the juxta- 
m otor cortex, cardiac and respiratory control in 
the cingulate and medial temporal cortex, and 
sex organs also in the latter. Pupillary changes 
may be elicited by stim ulating the anterior 
cingulate gyri, intussception by stim ulating 
posterior cingulate gyri, while blood pressure 
alterations may be induced on stimulation of 
numerous parts of the cerebral cortex. A ll this 
adds up to the now well-known fact that in 
addition to a motor and sensory cortex, there 
is also what m ight be termed a “ visceral brain”  
in man and beast(9).
M ore recent and on-going studies in our 
laboratories(3) suggest there m ay also be what 
m ight be called a “ m etabolic brain” . F o r ex­
ample, stimulation of certain discrete areas 
within the hypothalamus and m ore remote but 
related parts of the brain by means of micro- 
electrodes, in cats and other animals, induces 
an almost im m ediate and massive mobilization 
of fat, after a m eal, into the circulating blood,
and at the same time causes the blood to clot 
within a matter of seconds instead of several 
minutes. Here then is a possible mechanism 
by which coronary or cerebral vascular accidents 
m ay be produced. A  stressful situation follow­
ing a heavy meal may, via hypothalam ic m edi­
ation, cause a dramatic increase in fat in the 
circulation. T h is m obilization of fats increases 
blood viscosity and the blood tends to clot 
rapidly. T h e  com bination of these two factors 
within a narrowed sclerotic coronary or cerebral 
artery could obviously lead to its occlusion. 
T h is preliminary work, although not yet de­
finitive, suggests how the brain may play a role 
in causing a serious systemic disease, such as 
a stroke or coronary attack.
O ther work in our medical center has indi­
cated the presence of a new hormone-like 
protein, derived from the hypothalamo- pitu­
itary system, which appears essential for 
synchronous peristalsis of the gut. Prelim inary 
studies suggest that this hormone is deficient 
in persons afflicted with gastro-intestinal dis­
orders such as ulcerative colitis, and that the 
latter can be relieved in some cases by adm in­
istration of this horm one(6). T h is perhaps 
is another exam ple of m etabolic control of body 
organs by the brain.
M ore fam iliar examples are fluid, electrolyte 
and sugar regulation by hypothalam ic and brain 
stem nuclei, and endocrine control by the 
hypothalamic-medial temporal-pituitary axis. 
Recent w ork(12) indicates that even the pul­
monary circulation may be drastically altered 
by the autonom ic nervous system activity.
W h at has all this to do with the future? 
Increasing evidence points to the influence of 
the brain in regulating systemic activity. I 
would suggest that perhaps all body functions, 
metabolic, hematologic, endocrine, visceral, 
autonom ic and even pulmonary circulation(12) 
may be controlled or regulated by the brain.
Further efforts should be made, I feel, to 
understand how the brain and its chemistry 
affects the various moods and emotions whose 
aberrations can lead to mental illness, includ­
ing schizophrenia(I0). A good deal, of course, 
is known about the anatomy of these circuits 
such as that of the limbic system and its spe­
cific thalamic and hypothalamic links. The 
future, I would suggest, offers the possibility 
of a brand new and far more promising kind 
of brain-mapping, based on the well established 
fact that various cell types of the central ner­
vous system, be they neurons or glial cells, have 
individual biochemical characteristics with 
respect to their nucleic acids, organelles, en­
zyme systems and synaptic transmitters. A 
dramatic example of this possibility is afforded 
by the fluorescent histochemical technique 
developed by Falck and Owman for detecting 
monoamine - containing nerve terminals(4). 
This tool has already afforded us new insights 
into the function of the nigral-straital system 
that was impossible by conventional histo­
logical methods. The excitement generated by 
each new discovery in the metabolic pathways 
of L -DOPA, and the therapeutic success of 
this amine, may well be duplicated when more 
is understood about the function of other 
amines, particularly norepinephrine.
Sophisticated application of radioactive 
tagging techniques offer a new method of 
biochemical “brain-mapping” . In this manner 
we can detect, for instance, transneuronal trans­
fer of possible trophic substances in the central 
nervous system(5) and the differential up-take 
of steroids by various portions of the brain. 
This work has underlined the importance of 
temporal lobe structures in regulation of both 
cortical and estrogen function. These tech­
niques may also further our knowledge of the 
metabolism of metal in the brain. Copper, 
lead, tin, mercury, manganese and lithium all 
have been linked to certain changes in brain 
and mental function. The recent work show­
ing amelioration or control of manic-depressive 
states by administration of lithium carbonate 
indicates that investigation along these lines 
should also be rewarding.
Understanding of these biochemical-neural 
circuits could be important not only for a better 
understanding and therefore therapy of the 
usual run of mental and emotional illnesses, 
but also for those unfortunates plagued by 
life-long psychosomatic symptoms. The latter 
too often have been tossed off by our psychi­
atric brethren as being purely psychogenic in
origin. Perhaps so, but it does seem that such 
symptoms may be truly organic in the sense 
that they become embedded in brain circuits 
as part of a self-inflicted conditioned reflex. 
(And at this point I must confess parenthe­
tically that there is a very thin line between 
what some would call a psychogenic and others 
an organic pattern.) The main point to be 
made, I suggest, is that most psychosomatic 
complaints relate to the autonomic nervous 
system : stomach aches, anorexia, palpitations, 
sweating, a dry mouth, fatigue, constipation 
and perhaps sundry aches and pains including 
headache. Too little attention has been paid 
to a possible organic aetiology of such symp­
toms. Recent studies have shown that rats 
have so slowed their heart that they actually 
died of cardiac arrest. These and other experi­
ments(3), indicating that cerebral control and 
conditioning is possible for autonomic nervous 
functions, suggest that psychosomatic com­
plaints may likewise have become ingrained, 
conditioned reflexes. Experimental mapping 
of the involved circuits could, in the future, 
perhaps lead to specific stereotaxic method of 
relieving severe psychosomatic symptoms.
And finally, with reference to what Bell 
(1816) called hypochondriacs, which I suspect 
were often what we would call “psychosomatic’' 
patients, he wrote as follows: (1)
“ In the Hypochondriac’s feelings all is not 
imagination. Pains and odd sensations, 
attributable to external and remote parts, do 
actually proceed from the disturbance of 
internal nerves.”
I would heartily second these prophetic 
remarks and suggest pursuit of brain mapping 
with this in mind. For it is clear we do not 
begin to know all we should about the nervous 
system. My orthopedic colleague, Professor 
Andrew Bassett, and others(2) have, for 
example, discovered that the internal as well 
as external parts of all bones of the body, in­
cluding every Haversian canal, have a nerve 
supply. Where do these' nerves go and what 
is their purpose? Is their role sensory, meta­
bolic or perhaps trophic? Do they, like other 
nerves, enjoy cortical representation? Could 
it be, as your Dr. William Cullen (1710-1790) 
taught in 1760, that the normal state of the 
body is determined by “ nervous energy” from 
the nervous system and affected by external 
stimuli(11)? These are additional questions for 
the future.
There are many other topics one could cite 
that need attention in the future. Suffice it
to say in closing that some of the more im­
portant include microsurgery to improve the 
circulation of the diseased brain; a better 
understanding and hence better treatment of 
some of the still mysterious forms of hydro 
cephalus; and perhaps the development of 
special techniques(7'8) or even implanted 
micro-electrical circuits fitted with miniature 
computers, to enable paraplegics to walk, and, 
as some are already attempting, to enable the 
blind to see.
REFERENCES
1. Bell, Charles. A Series of Engravings explain­
ing the Course of the Nerves with an address 
to Young Physicians on the Study of the 
Nerves. 2nd Edition. Longman et al., 1916. 
London, p. 49.
2. Cooper, R. R. et al. Morphology of the
Osteon. J. Bone and Jt. Surg., 1966, 48A: 
1239-1271.
3. Correll, J. W. Central neural structures and
pathways important for control of blood 
clotting : Evidence for release of antiheparin 
factor. 5th European Conference Micro­
circulation, Gothenburg, 1968, Bibl. anat. 10: 
433-441, Karger, Basel/New York, 1969.
4. Falck, B. and Owman, C. A  detailed metho­
dological description of the fluorescence 
method for the cellular demonstration of 
biogenic amines. Acta Univ. Lund II, 1965, 
7: 1-23.
5. Grafstein, B. Transneuronal transfer of radio­
activity in the central nervous system. 
Science (April 19, 1971), 172: 177-179.
6. Hiatt, R . B., Goodman, I. and Overweg, N.
Serotonin and Intestinal Motility. Am. J. 
Surg. (May), 1970.
7. Pool, ]. L. Nerve stimulation in paraplegic
patients by means of a buried induction coil. 
Preliminary report. J. Neurosurg., 1946, 3: 
264-267.
8. Pool, J. L. Ulnar-femoral nerve anastomosis
in paraplegic rhesus monkey. Proc. Soc. 
Exper. Biol. & Med., 1946, 62: 176-177.
9. Pool, J. L. The visceral brain of man. J.
Neurosurg., 1954, 11: 45-63.
10. Stein, L. and Wise, C. D. Possible etiology of
schizophrenia: Progressive damage to the 
noradrenergic reward system by 6-Hydroxy - 
dopamine. Science (March 12), 1970, 171: 
1932-1036.
11. Struthers, John. Historical Sketch of the
Edinburgh Anatomical School. Maclachlan 
and Stewart, 1867, Edinburgh, pp. 94.
12. Valahti, M. Intracranial pressure, acid-base
status of blood and cerebrospinal fluid, and 
pulmonary function in the prognosis of 




V alerie E. M. Flynn, B.Sc., and D. P. Kirk,
B.Sc., are both Final Phase Medical Students 
at Edinburgh University.
* * *
M. F. Macnicol, B.Ss.(PIons.), M.B., Ch.B., 
is Senior House Officer in Wards 7/8 of the 
Royal Infirmary, Edinburgh. He is a former 
Editor of Res Medica.
* * *
G. P. M itchell, F.R.C.S., is a consultant 
orthopaedic surgeon in Wards 5/6 in the Royal 
Infirmary and Princess Margaret Rose Hospi­
tal, Edinburgh. He is a Senior Lecturer in 
Orthopaedic Surgery in the University of 
Edinburgh.
* * *
J. Laurence Pool, M.D., D.Med.Sci., 
F.A.C.S., is Professor of Neurological Surgery 
at Columbia University and the Neurological 
Institute in New York. In 1971 he delivered 
an Address to the Society and it is from this 
Address that his article was derived.
* * *
J. R. Smythies, M.Sc., M.A., M.D., 
M.R.C.P., D.P.M., is a Reader in the Depart­
ment of Psychiatry at the University of Edin­
burgh and Honorary Consultant Psychiatrist in 
the Royal Infirmary, Edinburgh, and the Royal 
Edinburgh Hospital.
* * *
C. Leslie Thomson, B.Sc., is President of 
the Incorporated Society of Registered Naturo­
paths and Director of the Kingston Clinic, 
Edinburgh.
20
